Protein engineering by cDNA recombination in yeasts: shuffling of mammalian cytochrome P-450 functions.
We have constructed, in the yeast Saccharomyces cerevisiae, a mosaic assembly of genes by in vivo recombination of partially homologous sequences. The approach was tested on cDNAs encoding functionally distinct mammalian cytochromes P-450 (P-450). The selection for recombinant cDNAs used the transformation of yeast cells, which required the recircularization of a linearized plasmid by recombination of two partially homologous cDNAs. Libraries of mosaic genes with bipartite or tripartite structures were generated by intramolecular and intermolecular recombination events. The presence of yeast promoter and terminator sequences on the flanking sides of the recombined cDNAs has allowed the synthesis of encoded mosaic proteins. A library of yeast clones producing recombinant mouse P-450 P1 and rabbit P-450 LM4 was screened using functional criteria to identify chimeras with shuffled substrate specificity. Restriction mapping of mosaic genes, biochemical analysis of the synthesized proteins, comparison of chimeric enzymes, and the alignment of sequences with bacterial P-450 camphor hydroxylase of known three-dimensional structure, all suggest that the P-450 P1 amino acid residues 203-238 play a major role in the control of cytochrome activity toward carcinogenic polycyclic aromatic hydrocarbons. Similar approaches to structure-function analysis are believed to be applicable to other protein families.